determination of left ventricular stress-velocity relation in man: With reference to the effects of loading and contractility. at the tip of the leaflet with a loss of the normal coaptation point. By contrast, the two-dimensional echocardiographic feature of mitral valve prolapse is an abnormal systolic motion that is maximal in the body of the leaflet with intact leaflet coaptation. Thus, two-dimensional echocardiography can identify flail mitral and tricuspid valves and is useful in distinguishing mptured chordae from valvular prolapse.
M-MODE ECHOCARDIOGRAPHY may be helpful in the diagnosis of mitral regurgitation secondary to ruptured chordae tendineae.1-5 Several investigators" have described echocardiographic findings for the diagnosis of ruptured chordae tendineae. These include systolic intracavitary left atrial echoes,' holosystolic mitral valve prolapse,2 systolic mitral leaflet fluttering,' chaotic diastolic anterior motion of a flail posterior mitral valve leaflet,4 or coarse diastolic fluttering of a flail anterior mitral valve leaflet.' Because of the limited number of patients reported in the literature, the sensitivity and specificity of these findings have not been conclusively determined.6 Thus, the preoperative diagnosis of a flail mitral valve is often based on hemodynamic and angiographic findings. Furthermore, criteria for the Mmode diagnosis of flail tricuspid leaflets have not been described.
Real-time, two-dimensional echocardiography can provide spatial information concerning intracardiac structures that cannot be obtained by M-mode echocardiography.7 The purpose of this report is twofold: 1) to demonstrate the ability of real-time, two-dimensional echocardiography to visualize flail mitral and tricuspid valves secondary to ruptured chordae tendineae and 2) to demonstrate that two-dimensional echocardiography may be more sensitive than M-mode echocardiography in diagnosing ruptured chordae tendineae.
Material and Methods
M-mode and two-dimensional echocardiograms were recorded in five patients in whom the surgical findings later From the William Likoff Cardiovascular Institute, Hahnemann Medical at the tip of the leaflet with a loss of the normal coaptation point. By contrast, the two-dimensional echocardiographic feature of mitral valve prolapse is an abnormal systolic motion that is maximal in the body of the leaflet with intact leaflet coaptation. Thus, two-dimensional echocardiography can identify flail mitral and tricuspid valves and is useful in distinguishing mptured chordae from valvular prolapse.
confirmed the diagnosis of flail mitral or tricuspid valves. Four patients had flail mitral valves and one patient had flail mitral and tricuspid valves. Clinical data based on symptoms, physical findings, electrocardiograms, and chest X-rays were analyzed. The clinical, echocardiographic, angiographic, and anatomic data on these five patients form the basis of this report.
M-mode echocardiographic studies were performed in the supine or left lateral decubitus position utilizing a Smith Kline Ekoline 20A ultrasonoscope with a 2.25 MHz medium (7.5 cm) internally focused transducer. Permanent records were obtained with an Irex 101 Continutrace Recorder. Slow and rapid full M-mode echocardiographic sweeps from the aortic valve leaflets to below the level of-the mitral valve leaflets were performed in each patient. Careful attention was paid to transducer position and gain setting to avoid missing small valvular or intra-atrial cavitary abnormalities. Large scale mitral valve echograms were recorded through several cardiac cycles to magnify the details of mitral valve motion. Similar attention was directed to assessing tricuspid valve motion. Two-dimensional echocardiographic studies were performed using a Grumman Health Systems RT-400 phasedarray sector scanner. Serial excitation of the 32 transducer elements produces an acoustic wave which is directed toward the target. The hand-held focusable linear array generates an 80°field in a circular sector format to produce tomographic images of the heart in real time. A In the one patient who also had a flail tricuspid valve, the diastolic right ventricular dimension (1.8 cm) was normal. Septal motion was also normal. The M-mode echogram of the tricuspid valve only showed excessive systolic tricuspid valve leaflet separation ( fig. 3 ).
Two-Dimensional Echocardiographic Findings
Two patients were found to have a flail anterior mitral valve leaflet, and three patients were found to have a flail posterior mitral valve leaflet. One patient with a flail anterior mitral leaflet was also found to have flail anterior and posterior tricuspid valve leaflets.
In the two patients with a flail anterior mitral valve leaflet, the two-dimensional echocardiogram image in the longitudinal plane showed superior and posterior systolic motion of the anterior leaflet to a point beyond the line of the mitral valve closure. The tip of the anterior leaflet bent perpendicular to the body and projected into the left atrium. The abnormal motion was maximal at the leaflet's tip. These abnormalities are demonstrated in figure 4. In the three patients with a flail posterior mitral valve leaflet, the two-dimensional echocardiographic image in the longitudinal plane showed systolic motion of the posterior leaflet through a 1800 arc into the left atrium ( fig. 5 ). The abnormal motion was again maximal at the tip of the leaflets.
In the one patient with flail anterior and posterior tricuspid valve leaflets, the two-dimensional echocardiographic image showed systolic motion of both leaflets through 1800 arcs into the right atrium ( fig. 6 ). The motion of the tricuspid valve was maximal at the tip of the leaflets.
Cardiac Catheterization Results
In the four patients with a flail valve, left ventriculography showed severe (4 +) mitral regurgitation. In the one patient who also had a flail tricuspid valve, right ventriculography showed moderate (3 +) tricuspid insufficiency. coarse and rhythmic. In addition, diastolic fluttering has been reported to occur in left-to-right shunts in patients, for example, following balloon atrial septostomy. 15 The diagnosis of flail mitral valves by the M-mode technique must be made by inference since the actual flailing is rarely seen. Furthermore, each of the findings may be mimicked by other pathologic states. In our five patients with surgically proven flail mitral valves secondary to ruptured chordae tendineae, no one finding was absolutely sensitive for this diagnosis. In fact, one patient had a normal M-mode mitral valve echogram. In the one patient with concomitant flail tricuspid valves, the M-mode echogram did not provide conclusively diagnostic information. Indeed, there was no evidence of right ventricular volume overload.
By contrast, real-time, two-dimensional echocardiography allowed direct visualization of the flail mitral valve leaflet in each of the five patients. The flail mitral valve moved past the line of mitral valve closure into the left atrium. Because the abnormal motion was greatest at the leaflet's tip, the normal systolic coaptation point of the anterior and posterior leaflets was lost. These findings have not been reported in other diseases of the mitral valve. Furthermore, this sequence of events was clearly different from that of valvular prolapse. The two-dimensional criteria that Gilbert et al. 9 have established for mitral valve prolapse include 1) excessive posterior closure of the coaptation point of the mitral leaflets, 2) an accentuation of the angle formed in systole by the posterior aortic wall and the anterior mitral valve, 3) systolic curling of the posterior mitral ring on its adjacent myocardium, and 4) superior arching of the anterior and/or posterior mitral leaflets above the mitral ring. The coaptation point remained intact, and the maximal abnormal motion occurred in the body of the leaflets. An example of mitral valve prolapse is shown in figure 7 .
The two-dimensional echocardiographic picture of the flail anterior and posterior tricuspid valves resembled that recorded by Kisslo7 in another case of a flail tricuspid valve. In that case the anterior leaflet was seen to move through a 1800 arc into the right atrium during systole. Abnormal valve motion is variable depending on the number of chordae that are involved.
Technique is also important. With the transducer in the long axis of the left ventricle, it is essential to rock the transducer laterally to medially to visualize the maximal abnormal mitral leaflet motion. Similarly, with the transducer in the long axis of the right ventricle, it also is essential to rock the transducer to visualize the maximal abnormal tricuspid leaflet motion.
In this small study of five patients, real-time, twodimensional echocardiography proved to be more sensitive than M-mode echocardiography for the diagnosis of flail atrioventricular valves. Although the absolute sensitivity and specificity of two-dimensional echocardiography remain to be determined, this technique should provide the clinician with a rapid, easy, and reliable noninvasive tool for the diagnosis of ruptured chordae tendineae. patient's particular hemodynamic state rather than a primary manifestation of an etiologically separate cardiac disorder (i.e., genetically transmitted hypertrophic cardiomyopathy).
Clinically evident hypertrophic cardiomyopathy with left ventricular outflow obstruction may occur in patients with coronary artery disease,'0"-3 although the prevalence of this association is unknown. Furthermore, it is not known whether the disproportionate septal thickening in such patients is merely secondary to coronary artery disease or represents a coexisting primary cardiomyopathy. The latter may be the major cause of symptoms that otherwise would be attributable to the underlying coronary artery disease. Hence, the present study was undertaken to evaluate: 1) the prevalence of disproportionate septal thickening in patients with coronary artery disease and 2) the frequency with which disproportionate septal thickening in such patients is a manifestation of genetically transmitted hypertrophic cardiomyopathy.
